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I n t r o d u c t io n

The term Aftonian was first applied by Chamberlin2 to interglacial 
beds of gravel and peat near Afton Junction, Iowa, under the impression 
that they were later than the Kansan. The first correct reference of the 
Aftonian to its place below the Kansan was subsequently made by Cham
berlin3 after a reexamination of the type locality.

I ’l.'HYLOT'SI/Y K NOW N DISTRIBU TION OF A FTO N IA N  Bi:i)S IN T()WA

P EA T

Subsequent investigations by members of the staff of the Iowa Geo
logical Survey have shown that the Aftonian is widely distributed in the 
state. Peat beds belonging to this stage have been reported from Oel-

1 Received by the Secretary of the  Society December 31, 1908.
- Geikie : “G reat Ice Age,” 1894, pp. 773-774; Journal of Geology, vol. iii, 1895, p. 272.
3 Journal of Geology, vol. iv, 1896, pp. 873-874.
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wein, in  Fayette county ;4 from Scott county (doubtfully) ;5 from Cedar 
county (doubtfully) ; 6 from Tama county ;7 from Chickasaw county ;8 
from U nion county,9 and several additional probable localities in south
ern Iowa are given by Bain .10 Four species of mosses (Hypnurn ) 11 and 
the wood of a conifer (Larix ) 12 have been reported from these peat beds.

SAND  AND  G R A V E L

({ravel ami sand hcds belonging to this stage luive also been noted in 
the Reports of the Iowa Geological Survey from the following counties: 
Marshall,13 Muscatine,14 Louisa,15 Webster,10 Benton ,17 Ida and Sac,18 
and in other publications from the type locality in Union county.10 It 
«■ill be observed that thus far no gravels from the western part of the 
state have been definitely referred to the Aftonian.

T h e  A ftonian  in  western I owa

W hile engaged in the survey of Harrison and Monona counties for the 
Iowa Geological Survey the writer found numerous deposits of sands and 
gravels clearly belonging to the Aftonian stage.20 A t a number of points 
in these and neighboring counties sand and gravel pits have been operated 
for several years in connection with cement block and tile plants, or for 
building purposes, but the deposits were regarded as local pockets.

P revious Work in  w estern I owa

The geologists who have studied the neighboring counties in recent 
years found like deposits of sand and gravel, and regarded them as lacus-

4 By Finch, Beyer, Macbride, and Calvin, in Proceedings of the  Iowa Academy of Sci
ences, vol. iv, 1897, pp. 54-68 ; T. E. S av ag e : R eports of the  Iowa Geological Survey, 
vol. xv, 1905, p. 523.

5 By W. H. N orton, ibid., vol. ix, 1897, p. 474.
8 By W. H. Norton, ibid., vol. xi, 1899, p. 343.
7 By T. E. Savage, ibid., vol. xiii, 1903, pp. 232-233.
8 By S. Calvin, ibid., vol. xiii, 1903, p. 291.
a T. C. Chamberlin, in the original references c ited ; 1\ E. Savage: Proceedings of the 

Iowa Academy of Sciences, vol. xi, 1904, pp. 103-109 ; S. C a lv in : Proceedings of the 
D avenport Academy of Sciences, vol. x, 1905, p. 19.

t0 II. F. Bain : Proceedings of the  Iowa Academy of Sciences, vol. v, 1898, pp. 98-99.
11 J, W. H olzingcr and G. N. B e s t : Bryologlst, November number, 1903 ; T. E. Savage : 

Proceedings of th e  Iowa Academy of Sciences, vol. xi, 1904, pp. 105 and 108.
12 T. II. M acbride: Proc. of the Iowa. Academy of Sciences, vol. iv, 1897, pp. 03-fiG.
™ S. W. B e y e r : Vol. vii, 1897, pp. 231-232.
«  J. A. TJdden : Yol. ix, 1899, pp. 338-339.
13 J. A. Udden : Vol. xi, 1901, p. 154.
w F. A. W ild e r: Vol. xii, 1902, pp. 130-131.
17 T. E. S av ag e : Vol. xv, 1905, p. 202.
18 T. H. M acbride : Vol. xvi, 1906, p. 532.
10 H. F. Bain : Proceedings of the Iow a Academy of Sciences, vol. V, 1898, pp. 86-101 ;

S. Calvin : Proceedings of the D avenport Academy of Sciences, vol. x, 1905, pp. 18-30.
20 The w riter published a  note concerning them  in Science, Dec. 25, 1908, p. 923.
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F ig u r e  1 .— L o o k in g  a l m o s t  d u e  E a s t

(a) K ansan; (ft) contact line, weathered and w ith calcareous plates; (c) Aftonian sand,
21 fee t; (d)  fossiliferous Aftonian gravel, 10 feet exposed

F i g u r e  2.— L o o k i n g  S o u t h e a s t  

(a)  Kansan, 13 fee t; (&) contact line; (c) sand, 21 feet; (d)  gravel, 14 feet exposed 

COX PIT, E A ST  OF M ISSO URI VALLEY, IOWA



P R E V IO U S W O RK IN  W E ST E R N  IOW A 401

trine21 or fluviatile,22 and as modified drift, referring to them as “stratified 
drift,”23 “gravelly drift,”24 etcetera, but no effort was made to fix their 
stratigraphic relations,25 Udden26 evidently included them in the till, 
or at least considered them of glacial origin.27

The gravel beds of Harrison and Monona counties have heretofore re
ceived but little attention from geologists. Saint John considered them 
“modified drift,”28 and Bain found “gravelly drift” in the northern part 
of Monona county;29 but here also no attempt was made to definitely 
determine either their geologic horizon or their extent, for Saint John’s 
observations were made in connection with a preliminary survey of that 
part of the state long before the modern differentiation of glacial and 
interglacial deposits was recognized, and Bain’s studies in these counties 
were made incidentally, in connection with the survey of an adjoining 
county, and were restricted to one locality. The recent investigations, 
however, show not only that these sands and gravels occur in widespread 
beds, but that they are unquestionably Aftonian.

D e sc r iptio n  of t h e  B eds

G R A V E L S  CO NTAINING M A M M A L IA N  F O SSIL S

The beds consist of interbedded and cross-bedded gravels and sands, as 
illustrated in plate 33, figures 1 and 2.

The gravel is water-worn and variable in coarseness, sometimes con
taining small boulders up to 4  inches in diameter, and consists largely of 
foreign materials such as might be from the drift, and with occasional 
fragments of fossiliferous limestones, evidently of far northwestern origin. 
Occasionally large boulders, chiefly of Sioux quartzite, are also found.

The beds are often strongly iron-stained, as in the exposure shown in 
plate 34, figure 2, the iron sometimes cementing the gravel into plates 
and masses of conglomerate, and occasional bands and wedges are almost 
black with M n02.

They also contain small “boulders” of light bluish gray silt or dark 
blue black sub-Aftonian till, densely covered with sand and fusiform or 
spherical in form, as if  shaped by rolling on the bottom of a stream.

21 H. F. B a in : R eports of th e  Iow a Geological Survey, vol. v, 1896, p. 27 7 ; J . A. 
U dden: Ibid., vol. xi, 1901.

22 J . A. U dden: Ibid., vol. xi, 1901, p. 255, and  vol. xiii, 1903, p. 166.
*> H. F. B a in : Ibid., vol. viii, 1898, p. 338.
» H .  F. B a in : Ibid., vol. v, 1896, p. 281.
*  Except th a t  Macbride referred  the  gravel beds of Id a  and Sac counties, in the  same 

section of the  sta te , to  the  A ftonian in general term s. Ibid., vol. xvi, 1906, p. 532, etc.
28 Iowa Geological Survey, vol. xi, 1901, p. 251, etc.
27 Ibid., p. 254.
28 W hite’s R eport of the Iowa Geological Survey, vol. ii, 1870, pp. 177-184.
29 Reports of the  Iow a Geological Survey, vol. v, 1896, p. 281.
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In these gravels were found numerous remains of extinct mammals 
belonging to the genera E leph as, M am u t, E qu us, etcetera, which are dis
cussed more fully in Professor Calvin’s paper. They were especially 
abundant in the typical exposure shown in plate 33, and in the Peyton pit 
at Pisgah. These remains consist of bones, teeth, and tusks, and are 
more or less fragmentary and promiscuously distributed through the 
coarser parts of the beds, having evidently been transported and scattered 
by the same strong currents which moved the gravels.

A vertebra of a small fish was also collected from finer gravel. A few 
heavy-shelled ITnios were found, but they are more or less fragmentary, 
the shells being chalky and very fragile. Only one species, Q uadrula  
m etan evra  Kaf., could be positively identified. The species is now com
mon in the rivers tributary to the Missouri. Unidentifiable fragments 
of at least two other species are in the collection.

The abundance and wide distribution of the bones and teeth in these 
gravels and their comparatively good state of preservation suggest that 
they were not derived from older formations or carried long distances, 
but that the animals lived and died in comparatively close proximity to 
the present burial ground of their remains.

SA N D S B E A R IN G  MOLLU SOAN F O SSIL S

The sand beds are stratified, and sometimes interbedded and cross
bedded with finer gravel, and quite variable in fineness. They also vary 
in color, some being rusty red with iron, others almost black with M n02, 
and in the lower part of the deposit, beds of almost pure white sand often 
occur. They usually contain small, very soft white calcareous nodules.

The finer sand is sometimes cemented into plates and blocks which 
usually grade into loose sand below. These blocks are sometimes so mas
sive that they have the appearance of bedded rock, as in the exposure on 
the east side of the Little Sioux river, near the north line of Harrison 
county, and at Loveland and near Council Bluffs, in Pottawattamie 
county, south of the Harrison county line. A little of this is shown 
near the middle of the lower part of plate 37, figure 2.

These finer sands contain numerous shells of fresh water and land 
mollusks, all belonging to modern species, which are scattered through 
the sand in much the same manner in which more recent shells are scat
tered through the sand of modern river-bars. The shells are exceedingly 
fragile and are difficult to handle, but a sufficiently perfect series was 
collected to determine the identity of the forms with species now living 
in the same region. The following species have been thus far identified :
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F i g u r e  1 .— L o w e r  P a r t  n e a r  S o u t h  E n d  

(a ) Sub-A ftonian; (6) weathered band of (a) ; (c) Aftonian

F i g u r e  2 .— U p p e r  P a r t  n e a r  N o r t h  E n d  

(a) K ansan; (6) A ftonian; (c) talus 

CO U N TY -L IN E  EX P O SU R ES  OF AFTO NIAN  SECT IO N  5 T O W N SH IP  81 NO RTH  RANG E 44 W E ST
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F i g u r e  1.— E x p o s u r e  i n  S e r t i o n  7, T o w n s h i p  85 N o r t h ,  R a n g e  44 W e s t  

(a) K ansan; (6) contact line, weathered and with calcareous p la tes; (c) Aftonian sand

F ig u r e  2 .— E x p o s u r e  e a s t  o f  L o g a n ,  I o w a

(a) Missourian limestone, 4 fee t; (b) Aftonian gravel, 2 fee t; (c) Aftonian sand, 10 
fee t; (d)  Kansan jo in t ciay (Loveland), 7 feet; (e) loess, 15 feet

SEC T IO N S  SH O W IN G  POSITION OF AFTO NIAN
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A q u a tic  Species

Sphayiium sulcatum  (Lam..) Prim e Segmentina armigera (Ha.y ) II. & A. Adams
l ’isidium  ------ sp.? Planorbis bicarinatus Say
Valvata tricarinata Say Planorhis parvus Say
Valvata bicarinata Lea Lymnwacaperata Say (?) Fragments
Ancylus rivularis Say P h ysa -------sp. ? Fragment

T erres tr ia l Species

Vitrea hammonis (Strom.) Pils. Pyramidvla striatella (Anth.) 1 us.
Zonitoides arboreus (Say) Pils. Pyramidula alternata (Say) Pils.
Vallonia gracilicosta Reinh. Succinea obliqua Say
m/iiliiria armifera (Say) Sterki Succinea avara Say

The aquatic species belonging to the genera Sphcerium, P is id iu m , and 
A n cylu s  are most common and most widely distributed in the beds of 
finer sand. All the aquatic species in the list are now found living in 
the same region in the streams tributary to the Missouri, and in adjoining 
ponds.

The fossil land shells are more local in distribution and fewer in  num
ber, only scattered individuals being found. The species are all repre
sented in  the modern fauna of the same region.

It may be worthy of note that while all the species of land shells here 
listed are also found in the loess, they are there never mingled with fresh
water shells in the same manner.30 ,On the other hand, such mingling of 
fresh water and land shells as is here recorded is common in all the 
modern alluvial deposits of the same region. The presence of these shells, 
then, shows that fluviatile conditions prevailed in the immediate area con
cerned, but that land surfaces on which the terrestrial mollusks flour
ished, and from which they were washed by floods, were near by.

No uniformity marks the relative arrangement of the sands , and 
gravels. Sometimes the finer sands form the uppermost member of the 
series, as shown in plate 33, figures 1 and 2, and plate 35, figure 1; again, 
the heavy gravels occupy this position, as in the county line exposure 
shown in plate 34, figure 2, or the sands and gravels are indiscriminately 
interbedded. These differences simply indicate variations in the force 
of the ancient currents.

TH IC K N ESS AND A LT IT U D E  OF BED S

Where undisturbed, the sands and gravels are usually very clean, espe
cially along the tributary valleys, but in the main bluffs of the Missouri 
valley they are not infrequently mingled and interbedded with silt.

30 F reshw ater shells are  exceedingly rare  in the loess, and are  alm ost exclusively Pul- 
monates, and such genera as Ancylus,  etcetera, are  unknown.



4 0 4  B. SH IM E K ----AFTONIAN SANDS AND GRAVELS IN  IOWA

They vary in total thickness up to 40 feet, and rise to a height of 10 
to 40 feet above the latest alluvial plain. But where they have been 
plowed and crowded by the overlying Kansan they are frequently mingled 
with joint clay, till, etcetera, and are often piled up to a greater height, 
as in Murray hill, northeast of Little Sioux, where they rise irregularly 
to a height of more than 100 feet above the general level of the valley.

D IS T R IB U T IO N  I N  H A R R IS O N  AND MONONA COUNTIES

In the two counties under consideration the Aftonian beds are distrib
uted along the bluffs bordering the Missouri valley,31 and along all the 
principal tributaries—the Boyer, Soldier, Maple, and Little Sioux rivers. 
Sometimes they are present on one side of the valley, and again on the 
other. Thus along the Boyer, below Woodbine, they appear on the west 
side of the river, while in the lower course of the same valley they are on 
the east side. More rarely they appear on both sides, as along the Maple 
river, near Mapleton. This is consistent with the distribution of sand 
and gravel bars along modern streams.

E vidence that  th e  B eds ake Aftonian

S T R A T IG R A P H IC  P OSITION

That these sand and gravel beds are Aftonian is clearly shown by their 
stratigraphic position between the Kansan and sub-Aftonian drifts. This 
is well illustrated in the county line exposure near Little Sioux, the first 
exposure in which the writer definitely determined the stratigraphic posi
tion of these deposits, where a great bed of sands and gravels, not less than 
15 feet in thickness, lies between the sub-Aftonian till exposed at the base 
of the bluff and the typical Kansan till above, both of which it meets un- 
conformably.32

Both sub-Aftonian and Kansan, with the intervening Aftonian, are 
exposed at a number of points in this region. Such exposures were found 
in Monona county, in Woodward’s glen, in section 17, township 84 north, 
range 44 west, and in a well near Castana, in section 13, township 84 
north, range 44 west; in Harrison county, in section 5, township 81 
north, range 44 west (the county line exposure already noted), and on 
Murray hill near the corner of sections 7, 8, 17, and 18, in the same 
township, and in  the bluff above Loveland, in Pottawattamie county.*

81 Sand and gravel beds a t  several points on the  w est side of the river, in Nebraska, 
are  also A ftonian.

82 F or the  con tact line in th is  exposure writh  the  sub-Aftonian, see p la te  34, figure 1 ; 
w ith  the K ansan, p la te  33, figure 2.

* More recently th e  w rite r discovered several additional sim ilar exposures on both the 
Iowa and Nebraska sides of the  Missouri.
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In many other cases the sub-Aftonian is not in  sight, but the overlying 
Kansan is clearly shown. This is well illustrated in the Cox pit, near 
Missouri Valley,33 and in a pit near Grant Center, in section 7, township 
85 north, range 44 west,34 but the same relation is shown clearly in nearly 
all the exposures studied in Harrison and Monona counties.

Even in the few cases in which the Aftonian is not in contact with the 
sub-Aftonian or the Kansan, the position of the beds is stratigraphically 
consistent. Thus at Logan the bed of gravel 2 feet in thickness, with 
overlying sands 10 feet in thickness, lies directly on the Missourian lime- 
stone^ no sub-Aftonian being present.3r> Resting on the sand is a bed of 
reddish joint clay,36 and above this is fossiliferous loess. While there is 
no Kansan till in this section, the presence of the Loveland makes the 
position of the Aftonian beds consistent.

At Denison, in Crawford county, a bed of cross-bedded sand and gravel 
35 feet in thickness lies immediately below a bed of fossiliferous loess, 
evidently post-Kansan, on which rests a layer of dune sand, possibly de
rived from the Iowan, and over this appears another deposit of later loess. 
While neither Kansan nor sub-Aftonian appear in this section, the posi
tion of the bed below the older loess, the similarity of its cross-bedding, 
etcetera, to that of undoubted Aftonian, and the presence of Aftonian 
fossils, such as fragments of SpTuerium, and hones of large mammals, 
such as E leph as  and C ervalces, all indicate that the beds are Aftonian.

That the beds herein discussed are not merely a comparatively recent 
outwash covered by a slumping of the Kansan along the bluffs of modern 
valleys is demonstrated by the fact that well-sections show that they run 
well back into the bluffs.

Thus about 15 rods back from the Cox pit a well excavation revealed 
Aftonian beds 40 feet below the surface, which is here about 60 feet above 
the top of the Aftonian in the pit.

At Logan, a well dug about 5 rods from the face of the bluff showed 
Aftonian sand at a depth of about 28 feet. The exposure shown in plate 
35, figure 2, is only a short distance above (north) of this well, and also 
furnishes evidence of the same kind, for the excavation here extends at 
least 3 or 4 rods into the bluff, yet the Aftonian is well developed.

A well east of the Wallace pit, near Little Sioux, Iowa, penetrated into 
a bed of gravel at a depth of about 90 feet. The well is on a high bench

33 See p late 33, figure 2.
34 See p la te  35, figure 1.
35 See p la te  35, figure 2.
88 T his has been referred to as “gumbo” in the type locality a t  Loveland by Udden and 

th e  w rite r (see Bulletins from th e  Laboratories of N atu ra l H isto ry  of the  S ta te  U niver
sity  of Iowa, vol. 5, 1904, p. 348). I t  evidently bears the  same relation  to  the K ansan 
as th e  B uchanan gravels, and the  name Loveland  is here proposed fo r it.
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several rods back from the bluff in which the pit is located. The gravel 
in the well is probably Aftonian.

Other well-borings, though less definite, also indicate that the Aftonian 
gravels extend well into the bluffs.

T H E  A F T O N IA N  IN T E R G L A C IA L  W IT H  M ILD  C L IM A T E

That these sands and gravels belong with neither the sub-Aftonian nor 
Kansan drifts is shown by the following evidence:

1. They are not sub-Aftonian, because in every case examined they lie 
iinconformably on the older drift, the old oxidized and weathered surface 
of which sharply marks the line of division between the two deposits.37

2. They are not Kansan, for in nearly all the exposures Kansan is 
shown clearly resting unconformably on them, with calcareous plates 
(nodular), cemented sands and gravels, and strongly oxidized materials 
sharply defining the line of division.38

Moreover, evidence is furnished by several exposures that the Kansan 
passed over the Aftonian beds while the latter were frozen, and plowed 
and tilted them in mass or disturbed and folded them in intricate fashion.

Thus in the McGavern pit, south of Missouri Yalley, the Kansan pre
sents a sharp but very irregular line of contact with the Aftonian, and 
cross-bedded and stratified masses of the latter are twisted and folded 
until in some places they are nearly vertical. This is shown especially 
well in plate 36, figure 2, which represents the south end of the section 
shown in plate 36, figure 1. Here the line between the Kansan and 
Aftonian is very sharp, and the former is shown projecting into and 
against the latter, which has had its strata pushed into an almost vertical 
position.

The Murray H ill exposures39 show that both the Aftonian and sub- 
Aftonian were crowded and folded by the Kansan. The Aftonian gravels 
have been here pushed up to an unusual height— as noted, more than 100 
feet above the valley. In these exposures sub-Aftonian and Aftonian 
masses (“boulders” ) are common in the lower part of the Kansan, which 
had evidently not only moved great masses of frozen gravels (for the 
latter, even when most folded and tilted, show the original stratification 
and cross-bedding), but also plowed into the underlying sub-Aftonian, 
which is sometimes folded, and show's cleavage, concentric with its face 
or front, evidently due to the great pressure of the advancing Kansan.

A pit below Woodbine also shows a tilted layer of Aftonian, with a 
mass of mingled and folded sub-Aftonian, Aftonian, and Kansan in front 
of it, as though the whole tilted Aftonian mass had been moved forward.

37 See p late 34, figure 1.
31 See plate 33, figures 1 and 2 ; plate 34, figure 2, and p la te  35, figure 1.
39 See p late 37, figure 1.
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F i g u r e  1 .— L o o k i n g  a l m o s t  E a s t  

(a) K ansan; (6) irregular line of contact, showing folding; (c) Aftonian, more or less
disturbed

F ig u r e  2 .— L o o k in g  E a s t  o f  S o u t h

(a)  K ansan; (b) contact line; (c ) tilted Aftonian gravel, evidently pushed into an 
almost vertical position by (a)

M cG AVERN  PIT, SOUTH  OF M ISSO URI VALLEY , IOWA
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F i g u r e  1 .— A  f o l d e d  A f t o n i a n  B e d  

(a)  K an san ; (b) oxidized and folded bed of A ftonian g rav e l; (c) A ftonian w hite sand

F i g u r e  2 .— T h e  L o v e l a n d  B l u f f ,  P o t t a w a t t a m i e  C o u n t y

(a) Sub-Aftonian, more o r less folded, and th e  upper p a r t  w ith  sand cemented in to  
blocks; (b) K an san ; (c) red jo in t clay, the L oveland; (d ) loess

E X P O S U R E S  SH O W IN G  F O L D E D  A F T O N IA N  G R A V E L S
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Other exposures showing the folding and tilting of Aftonian gravels by 
the Kansan are found near Mapleton and Grant Center, in Monona 
county; Pisgah, in Harrison county; Smithland, in Woodbury county, 
and Loveland, in Pottawattamie county. All the larger pits already men
tioned also show this in their uppermost portions.40

3. The sand and gravel beds are not glacial, but interglacial. That 
the materials were deposited in streams is shown by the fact that they are 
water-worn, cross-bedded, with frequent interbedding of sand and gravel, 
the latter deposited by stronger cui'rents, and that they contain fluviatile 
shells, with such intermingling of land shells as is common in the same 
region in modern alluvial deposits.

That the climate was mild during this interglacial period is shown by 
the presence of the large numbers of herbivorous mammals, which re
quired a vigorous flora for their maintenance, and of fresh-water and 
land mollusks, which are identical with species now living in  Iowa. The 
aquatic shells suggest the same biotic conditions as exist in the state 
today, and the land shells required plant-covered land surfaces on which 
they could find food and shelter, and these surfaces were not radically 
different from those which prevail in Iowa today, if  we are to judge 
from the identity of the land shells.

The abundance of M n02 in the Aftonian beds also suggests the presence 
of a large amount of organic matter.

T h e  A fto nian  in  other Counties

The Aftonian beds extend also into counties other than Harrison and 
Monona, in the western part of the state. Thus the gravels at Sioux 
City,41 in Woodbury county, between Loveland and Council Bluffs, in 
Pottawattamie county, at Denison, in Crawford county, and between 
Glenwood, in Mills county, and the northern part of Fremont county, 
are certainly Aftonian, as the writer has ascertained by personal examina
tion, and those described by Bain from Plymouth county42 and by Udden 
from Mills county43 are evidently the same. Tlius it will be seen that the 
Aftonian is well represented in the western part of Iowa.

Conclusions

The conclusions may be briefly stated as follows:

M A fine Illu stra tion  of the same kind is also found in the eastern  p a r t  of the  state , 
in M uscatine, near H ershey avenue, w here the  A ftonian and sub-A ftonian have been
plowed and  folded by th e  K ansan  in a  m ost complicated manner.

«  See H. F. B ain’s account in the  R eport of the  Iow a Geological Survey, vol. v, 1896, 
p. 277.

43 Reports of the  Iow a Geological Survey, vol. viii, 1898', p. 338.
« Ibid., vol. xiii, 1903, p. 165.
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1. Extensive deposits of sands and gravels in the western part of Iowa 
are definitely referred to the Aftonian stage.

2. A distinct and quite extensive mollnsean and mammalian fauna is 
revealed in these Aftonian beds for the first time.

3. The climate of the intorglacial Aftonian stage was mild.
4. The Aftonian beds are widely distributed along ancient and modern 

river courses in  Iowa.

A f t o n i a n  a n d  N e b r a s k a n — an A d d e n d u m

Since this paper was written the writer has made additional observa
tions on the Aftonian and snb-Aftonian deposits, especially along the 
Missouri river in Iowa and Nebraska, and along the Big Sioux river, and 
in various other localities in Iowa. These observations demonstrate that 
both deposits are of very wide extent.

Additional fossiliferous Aftonian beds were found near Omaha, Ne
braska, and in Plymouth and Woodbury counties in Iowa, and much 
additional material was obtained from the exposures previously studied, 
especially those  at Missouri valley and Turin, Iowa.

Quite recently the writer discovered extensive beds of Aftonian sands 
and gravels, the latter frequently massed into ledges of conglomerates, 
resting on well developed strata of pre-Kansan, or sub-Aftonian drift, in 
South Omaha and near Florence, Nebraska, and between Council Bluffs 
and Crescent, Iowa. The tough, impervious, bluish-black till which has 
been known as the sub-Aftonian or pre-Kansan drift in  Iowa, is here so 
well developed, reaching an exposed thickness of more than 15 feet and 
extending for several miles along the base of the bluffs on both the Ne
braska and Iowa sides of the Missouri river, and moreover occurs at so 
many other localities in Iowa, Missouri, and Nebraska, that it can no 
longer be regarded as merely a remnant, but should rank with other well 
developed drift sheets.

The terms pre-Kansan and sub-Aftonian have been used merely to 
designate the position of this drift sheet; the name Albertan was origin
ally applied to a deposit which can not be correlated with this drift, and 
which is not now regarded as glacial; and the doubtful Jerseyan can not 
be connected with the sheet here discussed. This leaves it  without a 
name, and in view of this fact, and of the wide distribution of this forma
tion, the name N ebraskan  is proposed for it. The type exposures are 
located in the Missouri bluffs in South Omaha and above Florence, 
Nebraska, and 4 miles north of Council Bluffs, Iowa. The name Nebraskan 
was suggested to the writer by Professor Calvin.

4 0 8  is. srriMTCic— a f t o n i a n  s a n d s  a n d  g r a v e l s  i n  io w a


